Objective: Mild hyperhomocysteinemia is a signi®cant and independent risk factor for vascular diseases. Blood total homocysteine concentration (tHcy) is considered to be the product of an interaction between genetic and nutritional factors notably intake of folate, vitamin B 12 and pyridoxine. The aim of the study was to determine whether regular intake of beer containing large amount of folate and other vitamins in¯uences the tHcy blood concentrations. Design: Cross-sectional population-based survey. Setting: Adult population, residents of Pilsen (Czech Republic) and vicinity. Subjects: Population series included 292 males and 251 females aged 35 ± 65 y, mean age 53.4 y. All subjects were examined by a standard protocol for clinical, anthropometrical and laboratory estimations. Main outcome measures: tHcy was measured by high-pressure liquid chromatography with¯uorescent detection, blood folate and B 12 levels immunochemically using commercial kits. Results: Beer intake was associated with blood folate and vitamin B 12 concentrations positively and with tHcy concentration negatively. By categories of beer intake, subjects with intake of 1 l daily or more had signi®cantly lower tHcy and higher folate concentrations than those reporting lower daily beer intake. Conclusion: Moderate beer consumption may help to maintain the tHcy levels in the normal range due to high folate content. Folate from beer may thus contribute to the protective effect of alcohol consumption on cardiovascular disease in population with generally low folate intake from other nutrients.
Introduction
Homocysteine is a sulfur-containing amino acid that results from demethylation of dietary methionine (Malinow, 1994) . Prospective and retrospective observational studies have shown that the presence of elevated concentration of total homocysteine (tHcy) in blood in the range of mild hyperhomocysteinemia is the risk factor for occlusive vascular disease, independent of other conventional risk factors (Graham et al, 1997; Nygard et al, 1995; Mayer et al, 1999) . Vitamins of group B, mainly folate, pyridoxine and B 12 , are important coenzymes in¯uencing the interconversion of the dietary amino acid intake to homocysteine by several pathways (Robinson et al, 1994) . Folate is the most important co-factor in the remethylation pathway, interacting with 5 ± 10 methylentetrahydroxyfolate reductase (MTHFR). Vitamin B 12 is a co-factor of methionine synthase (remethylation pathway) and pyridoxine is a cofactor of cystathion beta syntase (transsulfuration pathway). Lifestyle factors, such as nutritional intake of folate, pyridoxine and vitamin B 12 , are known to be associated with tHcy negatively (Shimakawa et al, 1997; Mann et al, 1999; Selhub et al, 1993) , while smoking positively (Shimakawa et al, 1997) . The association of alcohol intake and tHcy concentration in the general population has not yet been fully elucidated. The aim of this study was to assess the association of tHcy concentration with alcohol consumption, in the form of beer, and other risk factors in the Pilsen (Czech Republic) population, known to have one of the largest beer consumptions in the world (S Ï imon et al, 1988) .
Methods
An age strati®ed population survey of 691 males and 566 females, aged 35 ± 65 y, randomly selected from a Pilsen population with a long-term follow-up (PILS II study; Rosolova Â et al, 1997) was done. From this cohort we selected in the years 1995 ± 1996 a random 50% sample of subjects. From the invited 350 males 318 responded and from 280 females 262 responded; 27 males and 11 females were excluded from this study because of atherosclerotic disease or systematic pharmacotherapy, leaving a series of 292 males and 251 females. All subjects were examined by a standard protocol, which included personal and medical history such as smoking habits, and leisure-and work-time physical activity. Weekly alcohol intake was assessed by the questionnaire used for the INTERSALT study (Elliott & Stamler, 1988) , and we calculated the reported weekly alcohol intake only from beer as follows: 1 l of Pilsner beer 12 3.5 g; 1 l of Pilsner beer 10 2.8 g of pure alcohol. Basic anthropometrical measurements included body mass index (BMI kgam 2 ) and waist-to-hip ratio (WHR). Blood pressure was measured by standard mercury sphygmomanometer twice in the sitting position after 5 min rest and an average of two measurements was taken. Serum tHcy and methionine concentration were estimated by high pressure liquid chromatography using SpectraPhysics chromatographical devices (SP8780, SanJose, CA, USA) with¯uorescrent detection (FL3000, Spectra Physics). The methods was regularly validated by the reference laboratory ERNDIM (European Research Network for evaluation and improvement of screening, diagnosis and treatment of Inherited Disorders of Metabolism). Serum folate and B 12 concentrations were measured by microparticle enzyme immunoassay technology (Abbott standard kits) on an IMX analyzer (Abbott Laboratories, Abbott Park, IL, USA). Creatinine concentrations were measured by using Jaffe's method by Roche standard kits on a Hitachi 917 analyzer. Statistical analysis were done by Kruskall ± Wallis ANOVA, Wilcoxon's unpaired test and by multiple logistic regression (MLR) using PC and NCSS v.6 statistical software. The distribution of tHcy by quartiles (Q) was Q1 9.5, Q2 9.6 ± 11.4, Q3 11.5 ± 14.2 and Q4 ! 14.34 mmolal. The estimate of mild hyperhomocysteinemia (as dependent variable) was the range of the fourth quartile of tHcy. The study was done according to the GCP regulation and was approved by the local Ethical Committee.
Results
Variables included in the study are given in Table 1 as means and standard errors, separately for males and females in the whole sample and in quartiles of tHcy distribution (see methods). We observed a positive association of tHcy concentrations with age in both sexes, and with BMI in males only. A signi®cant negative association of tHcy was observed with serum folate and B 12 concentrations in both sexes and with alcohol intake in males only. No associations were observed between tHcy, fasting blood methionine and creatinine concentrations. When comparing in addition the fourth quartile of tHcy against the ®rst to third, we found signi®cantly lower serum folate and B 12 concentrations in both sexes, lower alcohol intake and signi®cantly higher BMI and creatinine in males only. Table 1 Variables expected to contribute to the blood homocysteine concentration. Values are given as means and standard errors in the whole sample and in quartiles (Q) of homocysteine distribution in males and females separately (Q1 9.5, Q2 9.6 ± 11.4, Q3 11.5 ± 14.2 and Q4 ! 14.3 mmolal) a Differences between tHcy quartiles by Kruskal ± Wallis ANOVA. ***P < 0.001; **P < 0.01; *P < 0.05; Wilcoxon's unpaired test Q1 ± Q3 vs Q4.
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No differences in tHcy concentration were observed by smoking and physical activity (not given in the table). The tHcy means in smokers vs nonsmokers were in males 12.9 vs 13.1 mmolal, respectively. (P NS) and in females 10.6 vs 10.9 mmolal, respectively (P NS, Wilcoxon's test). The tHcy means by physical activity`1 h vs ! 1 h weekly were in males 12.8 vs 12.7 mmolal, respectively (P NS) and in females 10.4 vs 10.7 mmolal, respectively (P NS, Wilcoxon's test). Taking the presence of tHcy above 14.3 mmolal (ie fourth quartile) as dependent variable, we observed in the multiple logistic regression that age, male sex and creatinine levels contributed to the dependent variable positively, while alcohol consumption, folate and B 12 concentrations negatively (Table 2 ). These variables contributed independently to 83% of total variability of tHcy concentration. Weekly beer intake was divided into four categories comprising approximately 1 l of beer weekly (0 ± 28 g of alcohol), 1 ± 3.5 l of beer (29 ± 98 g of alcohol), 3.5 ± 7 l of beer (99 ± 196 g of alcohol) and more than 7 l of beer weekly (b196 g of alcohol). In beer intake categories (Figure 1 ) we observed the J shaped distribution of folate concentration and similar but reverse distribution of tHcy (P for trends`0.01, Kruskal ± Wallis ANOVA).
Discussion
In this study we noted a negative association of tHcy concentrations with mild alcohol intake from beer. The in¯uence of alcohol intake on tHcy has not yet been thoroughly studied. It has been proven that ethanol itself increases the blood tHcy levels because of inactivation of folate and slowing of remethylation of tHcy to methionine due to acetaldehyde oxidation (Shaw et al, 1989) . The effects of alcohol may differ according to the prevailing type of alcoholic beverage consumed in the populations studied. A large epidemiological study (the Caerphilly cohort) has suggested a link between beer consumption and lower tHcy concentration in men aged 50 ± 64 y (Ubbink et al, 1998) . In another smaller study beer drinkers were found to have signi®cantly lower blood tHcy concentration than wine and spirit consumers (Cravo et al, 1996) . Our study is consistent with these ®ndings because we only studied the alcohol intake from beer. As already published (S Ï imon et al, 1988) , about 90% of all alcohol consumed in the Czech male population (especially in Table 2 Multivariate regression coef®cients and odds ratios of mild hyperhomocysteinemia (fourth quartile of homocysteine distribution) as dependent variable. Multiple step-wise logistic regression was used 
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Pilsen) comes out of local beers. Because beer is a natural product, produced from barley and hops, with addition of brewing yeasts, it may be an important source of several types of group B vitamins (Kellner et al, 1999; Walker & Baxter, 2000) . It has been recently found in a prospective study that blood tHcy concentration increased after moderate consumption of spirits, but not after moderate consumption of beer (Gaag et al, 2000) . The in¯uence of beer on tHcy concentrations was accounted for in that study by high pyridoxine intake from beer. They did not observe any correlation between beer intake and blood folate concentration. The actual content of vitamins in beer supplied for that study was not given. It was proved that group B vitamins originate in beer from the malted barley. Germination promotes a three to six-fold increase in the level of ribo¯avin, a doubling of the level of niacin and almost a doubling of the level of folate (Finney, 1982; Walker & Baxter, 2000) . The cyanocobalamin, ie vitamin B 12 , as a corrinoid compound is known to be only produced in animals and micro-organisms. It originates in beer from yeasts. Therefore its content in different beers may vary largely according to the brewing process. The largest amount of vitamin B 12 is contained in`Krausenbier', ie beer where yeasts are added at the end of the brewing process. The brewing yeasts are known as a source of vitamin B 12 , and therefore promoters of strict vegetarian diets generally recommend supplementation with brewery yeasts (Trash, 1982) . According to the data published by Research Institute of Brewing and Malting in Prague (CZ) 1 l of Pilsner beer (Pilsner Urquel) contains about 40 ± 600 mg of folates, 70 ± 1700 mg of pyridoxine and 3 ± 140 mg of B 12 (Kellner et al, 1999) . In our study we found that the highest beer intake was associated with the highest blood folate and lowest tHcy concentrations. Data on pyridoxine concentration were not available in our series; we may only speculate that beer in our population might have been an important source not only of folate, but also of pyridoxine. In our study diet-recall was not done. Therefore we do not know the intake of folates, pyridoxine and vitamin B 12 from other nutritional sources. It was shown (Ginter, 1996) that the Czech population had in recent decades a low consumption of vegetables and fruits in comparison to Western countries. In the Whitehall II study population, the beta-carotene and alpha tocopherol were signi®cantly higher than in the Czech MONICA population (Boba Âk et al, 1998) . The mean folate level in our series was 6.1 ngaml. In comparison, the median serum folate value in 14493 US subjects was l2.6 ngaml in 1994, ie before food forti®cation with folate started. In the year 1998 the median serum folate value increased to l8.7 ngaml (Lawrence et al, 1999) . Generally the vitamin intake of the population studied (the Czech population) is far from being optimal.
Mild and regular alcohol intake with meals was found to be associated with lower mortality (Thun et al, 1997) . In the German MONICA Augsburg (Keil et al, 1997) , and the Czech MONICA as well (Boba Âk et al, 2000) , it was shown that mild alcohol intake, mainly from beer in the Bavarian and Czech population was associated with signi®cantly lower total and coronary mortality. This ®nding was accounted for by alcohol as a substance. According to our data, regular beer intake in several, mainly beer drinking populations like Czech or Bavarian, may contribute to maintainance of the folate or pyridoxine levels in a normal range despite traditional national diets containing fewer vegetables, legumes and fresh fruits than in Southern and Mediterranean countries.
